Graphene, a single-atomic-thick sheet, consists of sp 2 -bonded carbon atoms in hexagonal lattice and possesses excellent physical and chemical properties such as high surface area, conductivity, mechanical strength and lightweight. The two-dimensional geometry of graphene nanosheets is ideal for many applications especially in electrochemical energy storage. However, the large-scale production of graphene materials is still a bottleneck limiting the development of advanced energy storage devices. The production of graphene oxide is one of the most critical restrictions in term of synthesis of graphene by wet chemical methods. We have demonstrated the synthesis of high quality graphene oxide by simple chemical reactions with less exo-therm involved without emission of toxic gases, which is more favorable than conventional methods for commercialized synthesis of graphene materials (Figure 1.) . Meanwhile, pseudo-capacitive materials such as Co3O4 and MnSn(OH)6 coupled with graphene nanosheets were synthesized by soft chemical methods in order to utilize both advantages from electrical double layer and pseudo-mechanisms. Their electrochemical properties were evaluated and the potential applications used as high performance electrodes for capacitive energy storage were discussed as well. 
Introduction
The diverse properties of graphene and graphene-based materials have led to the development of various proof-of-concept devices as well as the demonstration of fundamental science. Graphene, as a unique carbonaceous material, consists of sp 2 -bonded carbon atoms in hexagonal lattice [1, 2] . The unique two dimensional geometry possesses superhigh surface area (2630 m 2 /g) combined with excellent physical and chemical properties (high electrical conductivity and stability under electrochemical conditions), and thus graphene holds tremendous promise in a wide range of applications, especially in energy-storage devices [3] [4] [5] [6] . However, the scalable synthesis of graphene that can retain the unique properties at a large extent limits the development of graphene-based materials as well as the potential application in graphene-related downstream industries. Extensive efforts have been focused primarily on the large-scale synthesis of graphenebased materials using various methods which are compatible with industrial processes at a reasonable cost, including chemical exfoliation in/without solvent [7] [8] [9] . Large area and high quality graphene can be produced by chemical vapor deposition (CVD) method, showing a promising potential for nanoelectronics. However, the CVD approach does not meet the requirements of using bulk quantities of graphene for achieving desirable volumetric energy and power densities for energy-storage applications. By contrast, graphene nanosheets obtained by controlling chemical exfoliation in/without solvent display greater potentials towards the mass production [2] . Graphene oxide (GO), as the important precursor for the generation of graphene by chemical exfoliation, strongly affects on the structure and quality of graphene. The individual or few layer graphene can be achieved by overcoming the van der Waals forces existing between graphene interlayers. Therefore, controllable synthesis of GO is of scientific interests and meanwhile technological important for driving the commercialization of graphene-based materials [10, 11] . We have demonstrated the synthesis of high quality or high oxidation degree of GO by simple chemical reactions with less exo-therm involved without emission of toxic gases, which is more favorable than the conventional method (the Hummers method) [12] for large-scale synthesis of graphene materials [13] . In this paper, pseudo-capacitive materials such as Co 3 O 4 and MnSn(OH) 6 were incorporated into as-prepared graphene nanosheets synthesized by soft chemical methods. The graphene-based nanocomposites highlight the concept of combining advantages of both electrical double layer and pseudo-mechanisms for electrochemical energy storage. Their electrochemical properties were evaluated and the potential applications used as high performance electrodes for capacitive energy storage were discussed as well.
Experimental

Synthesis of graphene materials
Controlled synthesis of graphene oxide
We have explored different chemical methods to synthesize high quality GO, as the precursor for large-scale production upon thermal or chemical reductions. 
Synthesis of graphene nanosheets
Graphene nanosheets were produced by thermal exfoliation of as-synthesized GO powders. Generally, the GO (200 mg) was loaded in a crucible in a quartz tube under the argon protective environment. The quartz tube was quickly inserted into the heating zone of a tube furnace (GSL1100X, MTI, USA) which was preheated to 1050 °C and held there for 30 s. The GO can be exfoliated by rapid heating (2000 °C/min) into few layered graphene sheets [14] .
Synthesis of graphene-based nanocomposites
For the exploration of supercapacitor applications, two pseudo-capacitive materials of Co 3 O 4 and MnSn(OH) 6 coupled with as-prepared graphene nanosheets were prepared. In the case of MnSn(OH) 6 /graphene nanocomposites [15] , two typical samples of monolithic MnSn(OH) 6 and MnSn(OH) 6 /graphene composite were selected, denoted as M and M+G-0-5h, respectively. Briefly, appropriate amount of MnCl 2 ·4H 2 O and Na 2 SnO 3 ·3H 2 O of the molar ratio 1:1 were added into the graphene nanosheets suspension. The mixture was kept at 0 °C for 5 h. The final composite sample was collected by vacuum filtration and dried in air at 80 °C for 12 h. For comparison, a pure MnSn(OH) 6 control sample was also prepared followed the same procedure at room temperature for 24 h without the addition of the graphene nanosheets.
For the Co 3 O 4 /graphene nanocomposites, the sample was synthesized by a surfactant directed growth method as reported previously [16] . Typically, appropriate amount of CoCl 2 , sodium dodecyl sulfate (SDS), urea, as-prepared graphene and DI water were stirred at 40 °C for 1 h to obtain a transparent solution followed by further maintaining at 80 °C for 6 h. The obtained slurry was filtered then dried at 120 °C overnight. The final products were washed with ethanol and sintered at 400 °C, denoted as Co 3 O 4 +5G.
Characterization
The X-ray photoelectron spectroscopy (XPS) was carried out on a PHI 5000 Versa Probe system. Raman spectroscopy was recorded with a Jobin-Yvon HR300 Raman spectrometer equipped with a 532 nm green laser source. The UV-vis spectra were acquired with a VARIAN 6000i UV-vis-IR spectrophotometer. The X-ray diffraction (XRD) was performed on a PANanalytical X-ray diffraction system with a source wavelength of 1.542 Å at room temperature. The morphology and microstructures of the samples were characterized by a field emission scanning electron microscopy (FESEM) (JSM-6335) and a transmission electron microscopy (TEM) (JEOL 2010) operated with 200 KeV electron beam.
The electrochemical properties of the samples were performed on an electrochemical workstation (Ametek, Princeton Applied Research, Versa STAT 4).
Results and discussion
The prepared GO samples were analyzed systematically by XRD, XPS, Raman and UV-vis. The correlation among the interlayer d-spacing of GO from XRD, the oxidized carbon percentage from XPS and the absorption wavelength from UV-vis spectra is shown in Figure 2 ., demonstrating the GO sample with a greater degree of oxidation displays a larger d-spacing, a higher percentage of oxidized carbon and a lower absorption wavelength [13] .
Graphene nanosheets were obtained by thermal exfoliation. The optical images of GO and graphene are shown in Figure 3. (a) . The GO powder presents yellow brown features, and upon thermal reduction. After the thermal exfoliation, the collected graphene powder shows black color by contrast, demonstrating the GO was reduced from insulator to the semimetal possessing the nature of pristine graphite. Meanwhile, it is worthy of noting that the volume of the collected graphene powder is much larger than that of GO despite the mass of graphene is several times less than that of the original GO, indicating the graphene platelets was achieved by overcoming the van der Waals between GO basal planes through the thermal exfoliation process. The pristine graphite, GO and graphene nanosheets were also evaluated by Raman spectroscopy shown in Figure 3. (b) . The Raman spectrum of pristine graphite presents the prominent G band located at 1581 cm -1 with a rarely small D band. The G band of the spectrum of GO becomes broaden while the D band becomes prominent, indicating the increase of the size of sp 3 domains. The increased D/G ratio for graphene as compared with that of GO can be ascribed to the reduction of the average size of sp 2 domains and the formation of new graphitic domains. These results are similar to the previous report [17] . The morphology and microstructure of graphene was characterized by TEM and FESEM shown in Figures 4. (a) and (b) . The images indicate that the graphene nanosheets possessing a highly wrinkled surface topology with ultrathin thickness (<5 nm) consistent with the previous observation [18] . The surface area of the thermal exfoliated graphene nanosheets confirmed by N 2 absorption Brunauer-Emmett-Teller (BET) measurement is about 500 m 2 /g (Figure 4 . (c)), which is comparable with other reports [3, 19] . The pore size of the graphene sample obtained from BET profiles distributes mainly at around 4 nm (Figure 4. (d) ), suggesting the graphene nanosheets maintain porous structures. In order to further explore the potential application of graphene-based nanocomposites for supercapacitors, the morphology and electrochemical performances of MnSn(OH) 6 /graphene and Co 3 O 4 /graphene were characterized. The TEM images of MnSn(OH) 6 /graphene and Co 3 O 4 /graphene are shown in Figures 5. (a, b) . The MnSn(OH) 6 nanoparticles with the size of 20 nm are dispersed on the surface of graphene sheets, suggesting the MnSn(OH) 6 nanoparticles can be well utilized attributed to the good conductive connection with graphene used as electrode materials for energy storages [15] . Similarly, the particle size of the as-synthesized Co 3 O 4 is about 20 nm. All of the particles are attached to the surface of graphene sheets.
The electrochemical performances for supercapacitors of the selected samples were tested by cyclic voltammograms (CV) and galvanostatic charge/discharge as shown in Figures 6. (a-d) . Figure 6. (a) shows a distorted shape of CV curves of pure MnSn(OH) 6 , the Figure 6. (b) shows the relative rectangle CV curves of sample M+G-0-5h by contrast, proving the charge transport of the electrodes were improved by integrating with graphene nanosheets. The calculated specific capacitance is 59.4 F/g based on the mass of MnSn(OH) 6 nanoparticles [15] . Figure 6 . (c) presents the CV curves of samples Co 3 O 4 +5G. Two pairs of redox reaction peaks appeared during the test. No obvious changes under various scan rates were observed in regards to the shape of the CV curves, indicating the high charge propagation efficiency within the electrode and low charge/diffusion resistance. The calculated specific capacitance of Co 3 O 4 +5G is about 300 F/g at the scan rate of 5 mV/s. The electrochemical cyclic stability was recorded by galvanostatic charge/discharge. Both graphene-based nanocomposites displayed an excellent cyclic stability without degradations after 500 cycles ( Figure 6. (d) ), demonstrating the great potential for supercapacitors application by incorporating graphene nanosheets with pseudo-capacitive materials. 
Conclusions
Large-scale production of graphene and graphene-based are still challenging, limiting the potential applications of graphene. We have demonstrated the controlled synthesis of high quality GO by simple chemical reactions with less exo-therm involved without emission of toxic gases is more favorable than conventional methods toward commercialization. Using MnSn(OH) 6 /graphene and Co 3 O 4 /graphene nanocomposites as examples, the potential of integrating graphene nanosheets with pseudo-capacitive nanomaterials for enhancing electrochemical performances was demonstrated. The graphene-based nanocomposites hold tremendous potential for energy-storage applications, especially in the field of supercapacitors.
